Background. The 'RISchio CArdiovascolare nei pazienti afferenti all' Area Vasta In Dialisi' (RISCAVID) study is an observational and prospective trial including the whole chronic haemodialysis (HD) population in the northwest part of Tuscany (1.235 million people). The aim of the study was to elucidate the relevance of traditional and nontraditional risk factors of mortality and morbidity in HD patients as well as the impact of different HD modalities. Methods. A total of 757 HD patients (mean age 66 ± 14 years, mean dialytic age 70 ± 76 months, diabetes 19%) were prospectively followed up for 30 months and all-cause mortality, cardiovascular (CV) mortality and non-fatal CV events (acute myocardial infarction and stroke) were registered. At the time of the enrolment, demographic, clinical and laboratory data of the whole population were entered into a centralized database. Serum albumin, high-sensitive C-reactive protein (CRP), interleukin-6 (IL-6) and interleukin-8 (IL-8) were centrally determined at the start of the study. Patients were stratified into three groups according to the HD modality: standard bicarbonate HD (BHD) (n = 424), haemodiafiltration (HDF) with sterile bags (n = 204) and online HDF (n = 129). The Cox proportional hazards regression assessed adjusted differences in CV morbidity and mortality risk; a multivariate analysis was also performed. Results. All-cause and CV mortality was 12.9%/year and 5.9%/year, respectively. Patients with combined high levels of CRP and pro-inflammatory cytokines showed an increased risk for CV (RR 1.9, P < 0.001) and all-cause mortality (RR 2.57, P < 0.001). Multivariate analysis adjusted for comorbidity and demographic showed CRP as the most powerful mortality predictor (P < 0.001) followed by IL-6. The Cox proportional hazards regression assessed that online HDF and HDF patients had a significantly increased adjusted cumulative survival than BHD (P < 0.01). Conclusions. Data at 30 months from this study showed the synergic effect of CRP and pro-inflammatory cytokines as the strong predictors of all-cause and CV mortality. HDF was associated with an improved cumulative survival independent of the dialysis dose.
Introduction
Cardiovascular (CV) disease is the primary cause of morbidity in the western world, and the clinical impact of atherosclerosis is even more dramatically present in chronic uraemic patients. Despite continuous technical improvement and better global patient-care management, the annual mortality rate of patients with end-stage renal 2338 V. Panichi et al. disease (ESRD) undergoing haemodialysis (HD) remains unacceptably high (10-22%) [1, 2] . Factors affecting mortality include advanced age and comorbid conditions at the start of dialysis [3] , the efficacy and quality of renal replacement therapy [4] , practice patterns that may vary from region to region [5] and the intensity of chronic systemic inflammation. Chronic inflammation may play an important role in early morbidity and mortality in HD patients [6] . Several studies have attempted to address the question as to whether the type of the dialysis membrane, the quality of the dialysate and the uraemic state may be responsible for the induction of a chronic inflammatory state [7] [8] [9] [10] [11] .
Acute-phase reactants represent a class of proteins--mainly C-reactive protein (CRP) and serum amyloid A--that are secreted primarily by hepatocytes [12] under different appropriate stimuli such as interleukin 6 (IL-6), a strong stimulatory agent [13] . The IL-6 production is enhanced in long-term HD patients [14] . Both IL-6 and CRP have been negatively related to low serum albumin levels [15] . Furthermore, CRP plasma values have been shown to be increased in patients on HD, but not in those on peritoneal dialysis [16] , suggesting the role of monocyte activation and IL-6 production in the increased CRP generation due to backfiltered dialysate contaminants [17] or blood-membrane interaction.
In June 2004, a prospective, observational study (RISCAVID, 'RISchio CArdiovascolare nei pazienti afferenti all'Area Vasta In Dialisi') was started with the aim of investigating the link between traditional and nontraditional risk factors of mortality and morbidity in a large and homogenous HD population in the northwest part of Tuscany. Seven hundred and fifty-seven patients representing the whole HD population of 1 235 062 inhabitants were included. Each of the 15 dialysis facilities of this area provided, at the start of the study, blood samples from all patients for the determination of inflammatory markers, and at the start and every 6 months, data on patients' demographic characteristics, renal history, laboratory values, comorbid disease, dialysis techniques, vascular access prescriptions and outcomes. This paper describes the role of chronic inflammation and the impact of different HD modalities on morbidity and mortality rates in this large population of ESRD patients during a follow-up of 30 months.
Patients and methods

Protocol
The protocol was in conformity to the ethical guidelines of our institutions, and informed consent was obtained from each participant. This was a prospective observational study registered in the Cochrane Renal Group registry for 'Cardiovascular risk in dialysis: RISCAVID study' (#CRG040700112). All studies were performed during a midweek dialysis day.
Study cohort
Seven hundred and fifty-seven patients with ESRD (61% males) who had been on regular HD for at least 3 months and with a dialytic vintage of 70 ± 76 months were enrolled in the study. These patients represented the entire HD population from 15 HD facilities of the northwest part of Tuscany. Renal diuresis at baseline was present in a small proportion of patients, namely 27% on BHD, 22% on HDF with bags and 17% on online HDF, with no significant difference between HD modalities. All patients were on three times a week HD and no further selection was performed in patients. Patients' dry weight was targeted to achieve a normotensive oedema-free state. Six hundred and twenty-two patients had arteriovenous fistula, 73 had a subcutaneous polytetrafluoroethylene graft (PTFE) and 60 had a semi-permanent transcutaneous access. Chronic renal failure was caused by primary glomerulonephritis (GN) (n = 109), secondary GN (n = 68), congenital or hereditary kidney disease (n = 136), diabetic nephropathy (n = 89), chronic pyelonephritis (n = 50), vascular disease (n = 123), interstitial nephritis (n = 25) and in the remaining, chronic renal failure was caused by uncertain aetiology (n = 157). The methodologies used to categorize CV disease (CVD) were described elsewhere [18] . Two physicians independent of the study were responsible for the clinical ascertainment. Diabetes was defined by the use of insulin or oral hypoglycaemic agents. Furthermore, data regarding smoking status, body mass index (BMI), blood pressure and the use of medications were recorded.
HD modalities
Standard low-or high-flux bicarbonate dialysis (BHD) was performed in 424 patients using either synthetic low-flux (from 1.4 to 1.6 m 2 ) or high-flux polysulphone membranes (from 1.4 to 1.8 m 2 , Fresenius Medical Care, Bad Homburg, Germany and Bellco, Mirandola, Italy) polyamide (Gambro, Lund, Sweden), modified cellulosic membranes (from 1.2 to 1.6 m 2 , Bellco) and polymethacrylate (1.6 m 2 , Toray, Tokyo, Japan). Low-flux BHD was used in 403 patients and high-flux BHD in 21 (4.9%). Modified cellulose membranes were used in 23 patients of the low-flux BHD group (5.4% of the BHD group and 3.0% of the entire study population).
HDF with reinfusion bags was performed using either high-flux polysulphone (from 1.8 to 2.0 m 2 , Fresenius Medical Care) or polyamide (from 1.7 to 2.1 m 2 , Gambro) using commercially available sterile bicarbonate bags (10-15 L/session) in 130 patients or performed as acetate-free biofiltration (AFB) in 74 patients using sterile acetate-free dialysate (Safebag 93G, Hospal, Medolla, Italy) with the AN69 dialyzers (from 1.65 to 2.1 m 2 , Hospal). Online HDF was performed in 129 patients by the online production of ultrapure bicarbonate-buffered dialysate (22-25 L/session) using high-flux polysulphone membranes (from 1.8 to 2.0 m 2 , Fresenius Medical Care), polyamide (2.1 m 2 , Gambro) or as haemodiafiltration (HDF) with online regeneration of ultrafiltrate (Bellco). In Table 2 , the demographic factors, comorbidities and laboratory data at baseline are described according to the type of treatment modality. In all centres, analysis of the dialysis water system was performed every 3-6 months and revealed the absence of bacteria (<100 colony-forming units/mL) or bacteriological contaminant products (endotoxin levels <0.025 endotoxin units).
Follow-up
The occurrence of morbid or fatal events was recorded every 6 months from June 2004 until December 2006 (30 months of follow-up) by five nephrologists who periodically visited each centre. Deaths and major non-fatal events were classified as due to CVD (myocardial infarction, congestive heart failure, stroke, sudden death) or non-CVD (infection, malignancy, unknown causes). During the first visit, a questionnaire addressed ESRD history, medical and psychosocial history, dialysis prescription, laboratory data, and prescribed medications at the time of study enrolment of all prevalent patients. In the following visits, all-cause and CVD mortality, major non-fatal CVD events, dialysis prescription and medication were recorded.
Laboratory measurements
Blood sampling was performed starting the study on a midweek dialysis day after an overnight fast between 7:00 a.m. and 9:00 a.m. and after 20-30 min of quiet resting in a semirecumbent position. Serum lipids, calcium, phosphate, haemoglobin and other routine parameters were measured using standard laboratory methods. Serum albumin, CRP, IL-6 and IL-8 were centrally determined at the Immunopathology Laboratory of the Internal Medicine Department, University of Pisa. Samples were taken into chilled EDTA vacutainers, placed immediately in ice and centrifuged within 30 min at −4
• C, and the plasma was stored at −80
• C before assay. Serum albumin was measured with a nephelometric technique (Dade Behring GmbH, Marburg, Germany) with an intra-and inter-assay variability of 4.3% and 4.4%, respectively. CRP was measured by a modified high-sensitivity laser nephelometry technique (Berhing Diagnostics, GmbH, Rarburg, Germany). The CRP assay was standardized according to the WHO First International Reference Standard with a sensitivity of 0.1 mcg/mL and a standard reference range of 0.1-0.4 mg/L. IL-6 (EIA, R&D Systems, Minneapolis, MN, USA) and IL-8 (EIA, Biosource International, CA, USA) were measured by quantitative sandwich enzyme immunoassay techniques. Samples were assayed in duplicate and the intra-and inter-assay coefficient of variation for IL-6 was <5.3% and <7.2%, respectively, with a detection limit <5 pg/mL. The intra-and inter-assay coefficient of variation for IL-8 was <4.7% and <6.9%, respectively, with a detection limit <3 pg/mL. No cross-reactivity or interference was found with other factors related to or associated with IL-6 and IL-8.
Statistical analysis
The χ 2 test and the Mann-Whitney test were used to compare proportions and means, respectively. The Spearman's correlation coefficient was used to explore the relationship between quantitative variables. The cumulative probability of survival from the entry in the study (defined as the time of June 2004) to the terminal event (stated as all-cause mortality) was estimated by the product-limit (Kaplan-Meier) method. The log-rank test was used to compare the homogeneity of survival functions across strata defined by binary transformation of prognostic variables. A Cox's proportional hazard model, with all-cause mortality outcome, was used to jointly test the effect of predictors of survival times, adjusted for age, gender, diabetes, dialytic vintage, albumin levels, haemoglobin levels, use of epoetin, blood pressure, use of antihypertensive medications and dialytic efficiency. The backward elimination was used in identifying the most important prognostic factors. In the regression analysis, the explanatory variables were recorded to binary variables. Cox's proportional hazard model was also used to compute multivariate-adjusted relative risk estimates and 95% confidence intervals (CI). In Cox's model, computations were performed on log-transformed values of quantitative variables. The independent prognostic power for all-cause and CV mortality of each inflammation marker was calculated as reported by Tripepi et al. [19] . Briefly, in this analysis to construct a basic multivariate Cox model for all-cause and CV mortality, we preliminarily identified a set of variables that were associated (with P < 0.10) with these outcomes in the univariate Cox regression analysis. These variables were then used to construct two basic models: the first for all-cause mortality and the second for CV mortality. We then compared the prediction power attributable to CRP and IL-6 by using the −2 log likelihood (−2 log L) test. This test compares different Cox's models fitted to the same set of data, and the smaller the −2 log L value, the stronger the agreement between the model and the observed data. The difference between the −2 log L values of the models gives a statistical estimate as to which of them provides a better fit to the data. A 3.841 difference in the −2 log L values coincides with a significance level of 0.05 in a chi-square distribution with 1 degree of freedom and indicates a better prediction of risk estimate provided by the method leading to the lowest −2 log L value. The gain in the explained variation (R 2 ) in all-cause mortality attributable to serum CRP and IL-6 was calculated by using the standard approach [20] . Hazard ratios and their 95% CI were calculated with the use of the estimated regression coefficients and their standard errors in the Cox regression analysis. All calculations were made using a standard statistical package (SPSS for Windows version 9.0.1, Chicago, IL, USA, 11 March 1999). Results were expressed as means and side deviation. All tests were considered significant with P <0.05.
Results
Study cohort and follow-up
Age, sex distribution, bodyweight, BMI and other demographic and clinical characteristics are reported in Table 1 .
During the follow-up period, 244 deaths occurred, 111 due to CV events and 133 due to non-CV events; furthermore, 67 major CV non-fatal events were recorded. Gross mortality was 12.9% per year with a CV mortality of 5.9%.
Impact of chronic inflammation on fatal and non-fatal events
CRP plasma levels at baseline >5 mg/L (48% of the entire population) were associated with an enhanced risk for all-cause mortality (CV mortality 7.2%/year versus 3.8%/year RR 1.88, CI 1.08-3.28, P < 0.001; all-cause mortality 17%/year versus 8%/year with RR 2.18, CI 1.53-3.09, P < 0.001). As shown in Table 3 , patients in the highest tertiles of CRP showed an increased RR for all-cause mortality with respect to the lower tertile. The associated risk of all-cause mortality, CV mortality and non-fatal events for IL-6 and IL-8 highest tertiles with respect to the lower are shown in Table 2 .
Patients with combined high levels of CRP and proinflammatory cytokines (CRP > 5 mg/dL, IL-6 > 3.2 pg/ mL, IL-8 > 1 pg/mL) showed an increased risk for CV (RR 1.9; P < 0.001) and all-cause mortality (RR 2.5; P < 0.001). When albumin values were added to the analysis, patients with high levels of CRP and pro-inflammatory cytokines and low albumin levels (<3.5 g/dL) reached the highest levels of risk for a CV fatal event (RR 2.1; P < 0.001) and all-cause mortality of 2.7 (P < 0.001). The stepwise regression analysis showed CRP as the strongest independent predictor of all-cause and CV events (P = 0.0025; F-value 9.839) even after adjustment for age, dialytic age, diabetes, comorbidity and BMI followed by IL-6 (P < 0.01).
Furthermore, the independent prognostic power for allcause and CV mortality of CRP and IL-6 was calculated by using the −2 log L test. Cox's basic model showed an R 2 of 32% with a -2 log L test value ranging from 703.661 to 628.370. A significant increase of risk was reached when adding CRP to this model (R 2 33.4%, 
Impact of dialysis techniques on inflammatory state and patient survival
In Figure 1 , the evaluation of the inflammatory state in patients categorized according to the different HD modalities is reported. IL-6 but not CRP was statistically reduced in online HDF versus BHD and HDF (P < 0.01).
No significant differences were observed in received single-pool Kt/V (1.40 versus 1.43 versus 1.40; P = NS) among BHD, HDF with sterile bags and online HDF, respectively.
HDF with sterile bags and online HDF had lower allcause mortality rates than standard HD even after adjustment for age, gender, diabetes, dialytic vintage, albumin levels, haemoglobin levels, use of epoetin, blood pressure, use of antihypertensive medications and dialytic efficiency (RR 0.78, P = 0.01) (Figure 2 as shown by the KaplanMeier survival curve).
Online HDF had lower CV mortality rates than standard HD and HDF with bags even after adjustment for age, gender, diabetes, dialytic vintage, albumin levels, haemoglobin levels, use of epoetin, blood pressure, use of antihypertensive medications and dialytic efficiency (RR 0.78, P = 0.01) (Figure 3 as shown by the Kaplan-Meier survival curve). 
Discussion
The first most important and new result of RISCAVID, a prospective, observational study, concerned with the synergistic effect of single, basal measurements of CRP, IL-6, IL-8 and albumin in predicting CV and all-cause mortality over a 30-month follow-up.
High plasma levels of CRP (>5 mg/dL) and of proinflammatory cytokines (IL-6 > 3.2 pg/mL, IL-8 > 1 pg/ mL) showed an increased risk for CV (RR 1.9; P < 0.001) and all-cause mortality (RR 2.5 P < 0.001). The highest levels of risk for CV (RR 2.1; P < 0.001) and all-cause mortality (RR 2.7; P < 0.001) were reached in patients with low albumin plasma values (<3.5 g/dL). By the stepwise regression analysis and the −2 log L test, CRP was the strongest predictor of all-cause and CV mortality even after adjustment for age, dialytic age, diabetes, comorbidities and BMI followed by IL-6. Several studies performed in HD patients have shown that serum albumin, CRP, IL-6, fetuin and adhesion molecules are associated with all-cause and CV mortality [18, 19, [21] [22] [23] [24] [25] . Of interest, our study was performed on a prevalent population relatively homogenous for race, geography, medical care and HD management. We suggest that our results may have practical relevance. Routine determination of plasma values of CRP using a high-sensitivity assay might be recommended to evaluate an increased risk of all-cause mortality. However, different laboratory methods to detect CRP may show a large variability [26] and in clinical trials, at least centralization of CRP measurement is recommended.
Our study has a number of limitations. First, our patients could be a selected group of survivors since we studied prevalent patients on HD for about 6 years.
Second, multiple rather than single measurements of CRP and cytokines would have been valuable to improve predictability on all-cause and CV mortality. Furthermore, using multiple measurements, the effects of different HD modalities on inflammatory markers (see below) could be evaluated. However, when the study protocol was established and agreed on by the participating centres, we had followed the indication given at that time by Yeun et al. [27] , suggesting the relevance of single measurements of CRP in predicting mortality over a long-term (34 months) follow-up.
The second relevant aspect was the association of different treatment modalities (low-and high-flux BHD and HDF) with chronic inflammation and consequently with cumulative survival.
In the RISCAVID study, the enhanced cumulative survival of patients receiving HDF in comparison to BHD (Figures 2 and 3) confirmed the results by Canaud et al. [28] , who showed that the mortality risk in high-efficiency HDF was significantly lower (35%) than that in BHD when adjusting for differences in the comorbidity profile in a large patient cohort prospectively followed for 3 years in the Dialysis Outcomes and Practice Patterns Study (DOPPS) [3, 29] . However, in the DOPPS, only surrogate markers of inflammation were measured, i.e. albumin and ferritin, since the measurements of CRP and cytokines were not included in the data collection. In our study, IL-6, a strong predictor for CV mortality [18, 23] , was significantly decreased in online HDF. With respect to the DOPPS [28] , the RISCAVID population differed for the high incidence of mixed convective-diffusive techniques (HDF, 44% of the entire population). This equalled to 333 patients being followed for 30 months with respect to the 89 of 443 Italian patients of the DOPPS [29] . Of interest, in our study, the difference in cumulative survival was already significant after the 15-month follow-up after adjustment for age, dialysis vintage and comorbidities (Figure 2 ). At variance with the DOPPS [28] , we could not establish a relationship between mortality and volume exchange. Despite this limitation, HDF using sterile bags is customarily prescribed using 10-15 L/session of reinfusion fluid while online HDF is performed with at least 22-25 L/session.
We could not elucidate the exact mechanism by which HDF could be associated with lower mortality than BHD. However, several explanations may be proposed: the removal of a wider spectrum of uraemic solutes [30] , an improved intradialytic haemodynamic stability, which facilitates treatment in elderly and high-risk patients [31] and finally the combination of high-flux synthetic, biocompatible membranes with ultrapure dialysis fluid [31] [32] [33] . Furthermore, as recently shown by Carracedo et al. [34] , online HDF may reduce the potential to produce pro-inflammatory cytokines by modulating the circulating levels of CD14+ CD16+ mononuclear cells.
The 'anti-inflammatory' effect of HDF may render it and is particularly indicated in patients who have elevated plasma levels of CRP and an increased risk for CV and all-cause mortality.
In conclusion, CRP and pro-inflammatory cytokines are independently associated with all-cause and CV mortality in dialysis patients. The combined determination of CRP and IL-6 seems to be the best option for risk stratification in dialysis patients, particularly in the context of clinical studies. Future randomized clinical trials will be needed to better discern whether single or repeated measurements of biomarkers of chronic inflammation, namely CRP, are able to predict all-cause and CV morbidity and mortality. New, large studies should aim at whether and to what extent the use of these biomarkers might be informative not only for risk stratification in incident patients, but also to better evaluate the potential to reverse the effect on the all-cause and CV mortality by combined anti-inflammatory pharmacologic and haemodialytic strategies.
